The crystallographic positions of Fe and Mn atoms in a SmZ(CoFeMn\ 7 permanent magnet have been investigated using electron channelling/blocking techniques. Using the tilting and diffraction capabilities of an analytical transmission electron microscope, an electron beam was made to propagate along specific crystallographic directions in the magnet. By monitoring the characteristic xray spectrum as a function of incident electron beam orientation, it was pos.sible to determine that 88.5% of the Mn and 85.1% of the Fe atoms occupy sites in the mixed planes in this compound.
Introduction
The magnetocrystalline anisotropy of (RE)2CoI7 intermetallic compounds can be appreciably modified by limited substitution of transition metals for Co in the structure.
1 In many cases, the magnitude of the anisotropy increased dramatically with relatively small amounts of ternary substituent. For Ce2CoI7_xFex' an increase of x from 0 to 1 increases the anisotropy field (H A) from 11 to 18 kOe. l Similar effects occur for many other such ternary systems; perhaps the most dramatic effects are observed in the Sm 2 Co l7 _ x Zr x system where an increase of x from 0 to 1 causes HA to increase from 65 to 110 kOe.
2 From a practical standpoint, it is only because the anisotropy field can be significantly improved by substitutions that the 2:17 compounds can compete with the 1:5 compounds as permanent magnet materials.
The magnitude of the effects of substitution on the anisotropy has been variously attributed to preferential occupation of the substituent at specific sites in the structure 3 or to the effects of changed electron concentration on the overall 4 band structure of the compound.
It is commonly recognized that the dumbbell sites (6c sites) in binary (RE)2CoI7 compounds exhibit a strong anisotropy favoring magnetization perpendicular to the crystallographic c-axis. This planar anisotropy is detrimental to the desired axial anisotropy and if its magnitude could be reduced, the overall anisotropy would become more strongly axial. Thus, any element which has lower anisotropy than Co and substitutes preferentially at the dumbbell sites would be expected to increase the axial anisotropy of the entire structure. This '" Recently it has been shown that for certain favorable crystal structures, the orientation dependence of the inelastic scattering of electrons can be used to The physical principles involved in this technique are well understood but it is 11 only recently that it has been applied on a routine basis. In 1949, von Laue explained Borrmann's discovery of the orientation effects of x-ray absorption in terms of the standing waves which are set up by the x-ray beam as it propagates along specific crystal directions. If the intensity maxima of these Bloch waves coincide with the atomic planes in -the crystal, the wave will be anomalously absorbed, the absorption generating enhanced x-ray fluorescence and vice versa.
This basic concept has been adapted and expanded for the case of dynamical electron diffraction and its implication discussed both as a potential probe of cases of interest for permanent magnets, the level of substitutional impurities is a significant fraction of the total number of available Co sites and this must also be accounted for.
One expresses the rate of characteristic x-ray counts (N) for specific element which is an expression for the fraction of the Z atoms on the mixed planes in terms of the experimental data and the two parameters yand 8.
To determine yand 8, it is necessary to obtain an experimental spectrum in which no channeling occurs: IA ~ IS. Then, for such a no-channeling condition, (n) In each case, collection of x-rays continued for 300 seconds with an average counting rate for the entire spectrum between 2500 and 3000 counts per second. A "hole" (no specimen) count was taken to detect spurious x-rays and subtracted along with the continuous background from each spectrum.
Results
The results of the spectral analysis after background subtraction appear in Table I . 
Conclusion
It has been shown that ternary and quaternary substituents in RE-Co based permanent magnets can be readily located in the crystal structure using electron channelling techniques. By using the Sm sublattice as an internal standard, it is possible to simplify the data analysis to a comparison of ratios of intensities, ,"\ allowing routine application of this technique. The results of this type of investigation can lead to a better understanding of magneto-crystalline anisotropy in these compounds.
